A metal f i n i s h i n g p l a n t c a r r y i n g o u t c o p p e r , n i c k e l and chrome p l a t i n g d e c i d e d t o i n s t a l l chemical r e c o v e r y systems i n s t e a d of c o n v e n t i o n a l destruction/precipitation waste t r e a t m e n t .
INTRODUCTION

G . G . Buffing and P l a t i n g i s a j o b p l a t i n g shop i n Montreal, Quebec t h a t p l a t e s d e c o r a t i v e c o p p e r , n i c k e l , chrome and h a r d chrome on a v a r i e t y of automotive and motorcycle components and trim. I n 1984 G . G . B u f f i n g decided t o expand i t ' s f a c i l i t i e s . S i n c e t h e y were l o c a t e d i n a high d e n s i t y urban a r e a , t h e a r e a a v a i l a b l e f o r expansion was l i m i t e d . I t was d e c i d e d t o b u i l d a two-story a d d i t i o n t o t h e e x i s t i n g p l a n t t h a t would house a new p l a t i n g l i n e on t h e ground l e v e l and a l l s e r v i c e s ( s c r u b b e r s , r e c t i f i e r s , p o l l u t i o n c o n t r o l ) on t h e upper l e v e l . I n o r d e r t o r e c e i v e p e r m i s s i o n from t h e C i t y of Montreal t o proceed w i t h t h e expansion, G . G . Buffing was r e q u i r e d t o submit d e t a i l s of t h e i r planned waste t r e a t m e n t system t o demonstrate t h a t t h e y
would be i n compliance with l o c a l e f f l u e n t d i s c h a r g e s t a n d a r d s . Local r e q u i r e m e n t s were 5 ppm f o r each of copper, n i c k e l , and chrome.
Conventional p r e c i p i t a t i o n and d e s t r u c t i o n waste t r e a t m e n t was c o n s i d e r e d . However, w h i l e t h i s approach would a l l o w t h e p l a n t t o meet t h e d i s c h a r g e l i m i t s , i t was a l s o recognized t h a t o p e r a t i o n of a waste t r e a t m e n t system would r e p r e s e n t a n ongoing c o s t with no chance of a n y payback. With t h e c u r r e n t t r e n d oE e s c a l a t i n g c o s t s f o r d i s p o s a l of metal hydroxide s l u d g e s , t h e o p e r a t i n g c o s t of such a system would o n l y i n c r e a s e i n t h e f u t u r e . I t was decided t o use chemical r e c o v e r y i n o r d e r t o meet t h e d i s c h a r g e limits w h i l e reducing o p e r a t i n g c o s t s . A f t e r e v a l u a t i o n of a number of r e c o v e r y t e c h n o l o g i e s , p a t e n t e d (1) s h o r t bed i o n exchange was s e l e c t e d f o r a number of r e a s o n s .
1.
The s t a n d a r d equipment u s i n g t h i s rechnology, manufactured e x c l u s i v e l y by Eco-Tec Limited, Toronto Canada, was compact and could f i t i n t o t h e second f l o o r of t h e new b u i l d i n g .
2.
While c o p p e r , n i c k e l , and chrome r i n s e s r e q u i r e d s e p a r a t e s y s t e m s , t h e . . ..l .
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equipment was similar i n d e s i g n and o p e r a t i o n . This would make it easier f o r t h e o p e r a t o r s t o be a b l e to u n d e r s t a n d and m a i n t a i n t h e systems. 3. t h e equipment was r e l i a b l e .
o f t h e r e c o v e r y systems are connected t o t h e p l a t i n g o p e r a t i o n i n a similar manner a s shown i n F i g u r e 1. The c o p p e r , n i c k e l and chrome p l a t i n g b a t h s a r e each followed by t h r e e 600 g a l l o n r i n s e t a n k s designed t o accommodate c o u n t e r c u r r e n t flow. probe. When t h e d r a g o u t of p l a t i n g s o l u t i o n i n t o t h e f i r s t r i n s e i n c r e a s e s t h e c o n d u c t i v i t y above a s e t -p o i n t , d e i o n i z e d water i s a u t o m a t i c a l l y i n t r o d u c e d i n t o t h e t h i r d r i n s e . As t h e r i n s e s c o u n t e r f l o w forward, t h e r i s i n g l e v e l i n t h e f i r s t r i n s e a c t i v a t e s a l e v e l c o n t r o l l e r which s t a r t s a pump t r a n s f e r r i n g r i n s e water up t o t h e second f l o o r feed t a n k f o r t h e r e s p e c t i v e recovery system. The i o n exchangers remove t h e d i s s o l v e d metal from t h e r i n s e w a t e r . n i c k e l r i n s e w a t e r s t h e n flow t o a f i n a l pH adjustment p i t and are d i s c h a r g e d .
T r e a t e d chrome r i n s e water i s r e c y c l e d . P e r i o d i c a l l y , t h e i o n exchangers a u t o m a t i c a l l y r e g e n e r a t e t o y i e l d a c o n c e n t r a t e d metal s a l t s o l u t i o n which i s r e c y c l e d t o t h e a p p r o p r i a t e p l a t i n g b a t h .
Visits t o o t h e r i n s t a l l a t i o n s confirmed t h a t t h e technology w a s proven and I
The systems were i n s t a l l e d l a t e i n 1984 and s t a r t e d up i n e a r l y 1985. Each
The q u a l i t y of t h e water i n t h e f i r s t r i n s e i s monitored by a c o n d u c t i v i t y
T r e a t e d copper and Copper is p l a t e d o u t of a s t a n d a r d a c i d copper p l a t i n g s o l u t i o n (copper s u l f a t e ) . f e e d tank f o r t h e copper r e c o v e r y u n i t . when i n i t i a t e d by a l e v e l c o n t r o l l e r i n t h e f e e d tank. Rinse water a t a b o u t 38 lpm flows through a carbon column t o remove o r g a n i c b r i g h t n e r a d d i t i v e s , t h e n through a c a r t r i d g e p r e -f i l t e r t o remove suspended s o l i d s and, f i n a l l y , down through a s h o r t (15 cm. h i g h , 30 cm. d i a m e t e r ) column of fine-mesh c a t i o n exchange r e s i n . ( F i g u r e 2 ) Copper c a t i o n s in s o l u t i o n a r e exchanged f o r hydrogen c a t i o n s on t h e r e s i n . The copper c o n c e n t r a t i o n o f t h e r i n s e water i s reduced from a b o u t 300 ppm t o l e s s than 1 ppm. D e s p i t e t h e f a c t t h a t t h e water l e a v i n g t h e r e c o v e r y u n i t i e e s s e n t i a l l y f r e e of c o p p e r , t h e water i s n o t recycled t o copper r i n s i n g . T h i s i s because t h e exchange o f copper f o r hydrogen makes t h e water a c i d i c . Recycling i t t o t h e copper r i n s e s would i n t e r f e r e with t h e o p e r a t i o n of t h e c o n d u c t i v i t y c o n t r o l l e r i n t h e f i r s t r i n s e and would e v e n t u a l l y reduce t h e Rinse water from t h e f i r s t r i n s e f o l l o w i n g p l a t i n g i s t r a n s f e r r e d t o a The copper recovery u n i t begins o p e r a t i o n ) e f f e c t i v e n e s s of t h e r e c o v e r y u n i t t o remove copper.
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A f t e r a t h e c a t i o n e x t h e concentral u n i t , and t h e ! c o n c e n t r a t ion1 t h e r e c o v e r y ii 10%) s u l f u r i c i n i t i a l volumcc back t o t h e fa copper i s ex& s o l u t i o n t h e n flows down thrr i n t o t h e v e s s e r e g e n e r a t i o n . e f f i c i e n t l y a m
The regeni t h e n ready t o
The conce! d u r i n g regenerii Both Semib a t h s . B r i g h t f e e d t a n k as dm i n i t i a t e d by a 38 lpm t h r o u g h a s h o r t (30 cm. ( F i g u r e 3) Nicll resin. The nicll t o less than 1 u t o the rinses fa o r g a n i c p l a t i n g non-ionic in natt t h i s water would condition can rea affect t h e subse "whitewash" at: h\ A f t e r a prei u n i t , t h e flow t:
sequence b e g i n s . F i g u r e 2 -Copper S a l t Recovery Process A f t e r a s e t t i m e , ( t y p i c a l l y 20-30 m i n u t e s ) t h e flow of r i n s e water through t h e c a t i o n exchanger i s a u t o m a t i c a l l y s t o p p e d . T h i s time i s determined based upon t h e c o n c e n t r a t i o n of copper i n t h e f i r s t r i n s e , t h e flow r a t e through t h e r e c o v e r y u n i t , and t h e c a t i o n e x c h a n g e r ' s c a p a c i t y t o e f f e c t i v e l y maintain a low c o n c e n t r a t i o n of copper i n i t s e f f l u e n t . With t h e flow of r i n s e water s t o p p e d , t h e r e c o v e r y u n i t goes through a n a u t o m a t i c r e g e n e r a t i o n sequence. D i l u t e ( a b o u t 10%) s u l f u r i c a c i d r e g e n e r a n t i s passed up through the c a t i o n exchanger.
The i n i t i a l volume l e a v i n g t h e exchanger i s d i s p l a c e d r i n s e water which i s d i v e r t e d back t o t h e f e e d t a n k . A s t h e s u l f u r i c a c i d p a s s e s through the c a t i o n exchanger copper i s exchanged from t h e r e s i n f o r hydrogen. A c o n c e n t r a t e d copper s u l f a t e s o l u t i o n t h e n l e a v e s t h e exchanger and i s d i v e r t e d t o a holding tank.
Water t h e n f l o w s down through t h e exchanger, r i n s i n g t h e e x c e s s a c i d and copper s o l u t i o n back i n t o t h e v e s s e l used t o a u t o m a t i c a l l y make-up t h e r e g e n e r a n t s o l u t i o n f o r t h e n e x t r e g e n e r a t i o n . This " r e c i p r o c a t e d wash" e n s u r e s t h a t s u l f u r i c a c i d i s used e f f i c i e n t l y and t h a t no copper i s l o s t d u r i n g r e g e n e r a t i o n .
The r e g e n e r a t i o n sequences t a k e s o n l y about one minute. The r e c o v e r y u n i t i s t h e n ready t o begin a n o t h e r c y c l e of t r e a t i n g r i n s e water a s r e q u i r e d .
The c o n c e n t r a t e d copper s u l f a t e s o l u t i o n ( a b o u t 35 g / l as copper) produced d u r i n g r e g e n e r a t i o n i s added t o t h e copper p l a t i n g b a t h when needed.
I NICKEL RECOVERY
Both Semi-bright and b r i g h t n i c k e l p l a t i n g i s c a r r i e d o u t i n Watts-type b a t h s . Bright n i c k e l p l a t i n g r i n s e w a t e r i s t r a n s f e r r e d t o t h e r e c o v e r y u n i t f e e d t a n k as d e s c r i b e d above. The n i c k e l r e c o v e r y unit begins o p e r a t i o n when i n i t i a t e d by a l e v e l c o n t r o l l e r i n t h e f e e d t a n k . Rinse water flows a t about 38 lpm through a c a r t r i d g e p r e -f i l t e r t o remove suspended s o l i d s t h e n down t h r o u g h a s h o r t (30 cm. h i g h , 30 cm. d i a m e t e r ) column of fine-mesh c a t i o n exchange r e s i n .
( F i g u r e 3) resin. The n i c k e l c o n c e n t r a t i o n of t h e r i n s e water is reduced from about 500 ppm t o l e s s t h a n 1 ppm. t o t h e r i n s e s f o r t h e same r e a s o n s , p l u s one more. o r g a n i c p l a t i n g b a t h a d d i t i v e s . n o n -i o n i c i n n a t u r e , a r e n o t removed by c a t i o n exchange. t h i s water would r e s u l t in a h i g h o r g a n i c c o n c e n t r a t i o n i n t h e rinse w a t e r . c o n d i t i o n can result i n an o r g a n i c f i l m forming on t h e n i c k e l s u r f a c e t h a t will a f f e c t t h e subsequent chromic a c i d p l a t i n g o p e r a t i o n r e s u l t i n g t y p i c a l l y i n ~ "whitewash" a t h i g h c u r r e n t d e n s i t y a r e a s . u n i t , the flow through t h e c a t i o n exchanger s t o p s and an automatic r e g e n e r a t i o n sequence b e g i n s . 
Nickel c a t i o n s i n s o l u t i o n a r e exchanged f o r hydrogen c a t i o n s on t h e
A s w i t h t h e copper r e c o v e r y system, t h e water i s not r e c y c l e d
The r i n s e water c o n t a i n s These o r g a n i c a d d i t i v e s , being a n i o n i c or 
RINSING
t h e c a t i o n exchanger t o exchange hydrogen f o r n i c k e l . rinse water, a c o n c e n t r a t e d n i c k e l s u l f a t e s o l u t i o n (about 22 g / l a s n i c k e l ) l e a v e s t h e c a t i o n exchanger. e x c e s s s u l f u r i c a c i d r e q u i r e d t o e f f e c t i v e l y r e g e n e r a t e t h e r e s i n . I f such a n a c i d i c concentrate were added t o t h e n i c k e l p l a t i n g b a t h i t would r e s u l t i n a n unwanted d e p r e s s i o n of t h e o p e r a t i n g pH from t h e d e s i r e d v a l u e gf 4.0.
raise t h e pH of t h e c o n c e n t r a t e , it p a s s e s immediately through a second resin column c o n t a i n i n g a s o r p t i o n resin which h a s t h e unique a b i l i t y t o "sorp" t h e e x c e s s acid from t h e n i c k e l s u l f a t e . The c o n c e n t r a t e l e a v e s t h i s column w i t h a pH i n t h e a c c e p t a b l e range of 3.0 -3.5 and flows t o a h o l d i n g t a n k a w a i t i n g r e c y c l e t o t h e p l a t i n g b a t h s . " r e g e n e r a t e s " t h e s o r p t i o n r e s i n while r i n s i n g t h e r e g e n e r a t e d c a t i o n resin and r e c o v e r i n g e x c e s s a c i d and n i c k e l s u l f a t e f o r t h e subsequent r e g e n e r a t i o n . Again, n i c k e l loss i s prevented and a c i d consumption i s reduced. Once t h i s wash i s completed, t h e u n i t is ready t o b e g i n a n o t h e r a u t o m a t i c c y c l e . Chrome i s p l a t e d o u t of a chromic a c i d s o l u t i o n . P l a t i n g r i n s e water i s t r a n s f e r r e d t o t h e r e c o v e r y u n i t f e e d t a n k a s d e s c r i b e d above. From t h e feed t a n k r i n s e water flows through a c a r t r i d g e p r e -f i l t e r t o remove suspended s o l i d s , t h e n down through a s h o r t (15 cm. h i g h , 30 cm. d i a m e t e r ) column of fine-mesh c a t i o n exchange r e s i n . ( F i g u r e 4 ) C a t i o n i c contaminants such as t r i v a l e n t chrome , i r o n , n i c k e l and copper are exchanged f o r hydrogen by t h e r e s i n . The r i n s e water t h e n c o n t i n u e s on through a s h o r t (7 cm. h i g h , 30 cm. d i a m e t e r ) column of fine-mesh a n i o n exchange r e s i n where t h e v a r i o u s chromate a n i o n s are exchanged f o r hydroxide a n i o n s by t h e r e s i n . Deionized water l e a v e s t h e a n i o n exchanger and i s r e c y c l e d t o t h e f i n a l chrome r i n s e and c o u n t e r flows forward. The q u a l i t y of t h e water l e a v i n g t h e r e c o v e r y u n i t i s c o n t i n u o u s l y monitored by a n i n -l i n e c o n d u c t i v i t y c o n t r o l l e r . When t h e c o n d u c t i v i t y exceeds 90 micro-mhos, t h e flow of water l e a v i n g t h e r e c o v e r y u n i t i s d i v e r t e d from t h e f i n a l r i n s e t o t h e f i r s t r i n s e . By r e c i r c u l a t i n g t h e f i r s t r i n s e t a n k , t h e a n i o n exchange r e s i n i s more f u l l y loaded w i t h chromate w i t h o u t i m p a i r i n g t h e r i n s e water q u a l i t y . t h e flow of r i n s e water s t o p s and a n a u t o m a t i c r e g e n e r a t i o n sequence begins.
A f t e r t h e displacement of A t t h i s p o i n t t h e n i c k e l s u l f a t e s o l u t i o n h
A f t e r f i f t e e n minutes, During regeneration a dilute (10%) sulfuric acid solution regenerates the cation exchanger. The regenerant flows to final pH adjustment and is discharged. Metallic contaminants present in this waste are sufficiently low that the final plant effluent does not exceed the discharge limit. caustic soda regenerant flows up through the anion exchanger, exchanging chromate for hydroxide. flows through another cation exchanger which exchanges sodium for hydrogen, thereby producing chromic acid. The chromic acid flows to a storage tank. Water rinses the excess chromate and caustic out of the exchanger columns back into a reservoir for the subsequent regeneration. chemical consumption is reduced. sulfate ratio (50:l) than the plating bath (150:l) due to the pick-up of some sulfuric acid from the cation exchange resins. addition of a small amount (typically 0.7 kg./day) of barium carbonate to precipitate the excess sulfate. The chemical treatment is performed automatically in a small tank that provides mixing, settling and transfer of the treated chromic acid to a final holding tank prior to recycle to the plating bath.
Meanwhile, dilute ( 5 % )
The sodium chromate solution leaving the anion exchanger then
In this way chrome loss and regenerant
The chromic acid produced by the recovery unit has a lower chromate: This is easily corrected by the
OPERATING EXPERIENCE
The recovery equipment arrived at the plant as pie-assembled, skid-mounted, automatic units. Installation was carried out by G.G. Buffing personnel following written instructions provided by the equipment supplier. This consisted primarily of running inter-connecting PVC piping. equipment supplier and G.G. Buffing personnel were trained in its operation. Noteworthy experiences of the first ten months of the systems' operation are summarized below. 1. "fouling" of the anion exchange resin by metallic hydroxide precipitates. This was traced to suspended solids passing from the chrome rinses into the recovery unit's cation exchanger. (trivalent chrome, nickel, copper) which then passed to the anion resin (in the hydroxide form) and precipitated. The situation was corrected by physically cleaning the chrome rinse tanks which had contained an accumulation of solids since startup. nominal 10 micron to a nominal 1 micron. The ion exchange resin was cleaned and the unit was restarted.
.
experienced some problems with anode bags becoming clogged due to calcium sulfate crystallization. supplied to the nickel rinses, the recovery unit was using 240 ppm T.D.S. city during its "reciprocated wash'' after regeneration. system at this point, exchanging on to the resin, then being regenerated off and transferred to the plating bath along with recovered nickel. This situation was corrected by replacing the unit's water supply with D.I. water.
3. One concern with nickel recovery in duplex (semi-bright/bright) nickel plating operations is cross-contamination of organic additives. In particular, the sulfo-organic additives of a bright nickel plating bath can adversely affect the corrosion resistance of the nickel deposit if they are introduced into the semi-bright bath. This fact is important because it is the bright nickel bath that is dragged into the rinses, yet it is the semi-bright bath that is depleted of nickel and requires the nickel addition. anionic or non-ionic, they are not exchanged on to the cation exchange resin along with the nickel. In order to confirm this, a test was conducted in which nickel was plated out of a solution prepared with recovered nickel sulfate. The nickel plate was then analyzed for sulfur content. The results showed there to be less than 0.0024: sulfur in the plate, In this standard test a level of less than 0.006% is considered acceptable for semi-bright nickel deposits. the recovered product was deemed suitable for recycle to either of the nickel plating baths. 4 . or two. At first this appeared to be a "bogey man'' problem, but the cause was later found to be air locks in the piping from the regenerant acid and caustic storage tanks. These air locks could occur if the storage tank was allowed to drain completely prior to refilling. ensure that they did not run dry have successfully kept the "bogey man" at bay. 5. Monitoring and maintenance of all of the recovery units was carried out by the Plating Manager, Tom Nadeau. hours per day. recovery unit parameters such as flows, pressures, and visual appearance of the rinses. Maintaining such a log was useful when any troubleshooting was required as it provided a convenient history to indicate any trends that may have been developing. 6 . remained exceptionally good to-date compared with experience prior to using such a recovery system. collected in the first rinse to the bath as evaporation would allow. The improved plating performance was attributed to the elimination of cationic contaminants (trivalent chrome, nickel, iron) being returned to the plating bath due to the nature of the ion exchange recovery process.
plating bath with lower electrical resistance and so good throwing power. Also, the recovery unit's pre-filter cartridges were changed from After approximately ten months of operation, the nickel plating bath It was determined that although deionized water was being Calcium was entering the Since the organic additives are
On this basis
On occasion, the units would pass through a phase of poor operation for a day
Daily monitoring of the tank levels to
This has required an average of one and one half Monitoring consists of completing log sheets noting the individual It was observed that the throwing power of the chrome plating bath has
The previous practice was to return as much of the dragout The result has been a more pure PERFORMANCE G.G. Buffing has specified the recovery capacities of the equipment for chromic acid, nickel sulfate and copper sulfate to be 0.6, 2.5 and 2 . 3 kg/hr. respectively. 2.8, and 3.28 kg/hr. respectively.
The performance of each of the recovery systems is summarized in Table 1 . Note the first rinse concentrations of chrome, nickel, and copper of 170, 460, and 260 mg/l. The concentration of the recovered products indicates factors of concentration for chrome, nickel, and copper of 311, 6 9 , 135 times. The effluent concentrations are the averaged concentrations over a complete cycle of operation.
After startup, the systems demonstrated recovery capacities of 0.74, These represent the concentration of the feeds to the recovery units. Recovered Product 53,000 22,000
35 , 000
Unit E f f l u e n t 20 1.3 0.9 E f f l u e n t Flow (avg.) 1 . 6 l/min 15 l/min 20 l / m i n I t s h o u l d be n o t e d t h a t t h e s e e f f l u e n t streams o n l y flow when t h e r e c o v e r y unit is going through a c y c l e . d e t e c t s t h a t t h e rinse water contamination i s below t h e s e t p o i n t , the r e c o v e r y unit remains i n standby with no flow.
i n d i c a t e poor performance of the u n i t .
t h e e f f l u e n t from t h i s system i s o n l y t h e r e g e n e r a n t from t h e two c a t i o n exchangers on t h e u n i t and not t h e t r e a t e d r i n s e w a t e r . Rinsewater i s r e c y c l e d i n a c l o s e d loop. Hence t h e e f f l u e n t from t h i s u n i t r e p r e s e n t s a n i n t e r m i t t e n t low flow which on a v e r a g e r e p r e s e n t s l e s s than 0.7% of t h e t o t a l chrome d r a g o u t . T h i s small amount of chrome when combined with t h e t o t a l p l a n t e f f l u e n t r e s u l t s i n a f i n a l chrome c o n c e n t r a t i o n of l e s s than 1 ppm. u n i t e f f l u e n t would c o n t r i b u t e 0.8 mg/l t o t h e f i n a l e f f l u e n t c o n c e n t r a t i o n when i t i s flowing. I n making a s i m i l a r c a l c u l a t i o n f o r n i c k e l and c o p p e r , t h e recov e r y u n i t e f f l u e n t s are c o n t r i b u t i n g about 0.5 and 0.45 mg/l t o t h e f i n a l e f f l u e n t r e s p e c t i v e l y , y e t t h e a n a l y s i s of t h e f i n a l e f f l u e n t c o n s i s t e n t l y showed h i g h e r l e v e l s of n i c k e l and copper. t r a n s f e r , b u t i t i s s u s p e c t e d t h a t most of i t comes from s p i l l s of small quant i t i e s of p l a t i n g s o l u t i o n w h i l e s e r v i c i n g p l a t i n g b a t h f i l t e r s . below t h e c a t w a l k s l o w l y make t h e i r way i n t o t h e waste t r e n c h c o n t r i b u t i n g t o the n i c k e l and copper l e v e l s d e t e c t e d . C o l l e c t i o n and s e g r e g a t e d t r e a t m e n t of t h e s e s p i l l s may be r e q u i r e d t o meet lower l i m i t s should t h e y be improved i n t h e f u t u r e .
TABLE 2
FINAL PLANT EFFLUENT (mg/l) I f t h e c o n d u c t i v i t y c o n t r o l l e r i n t h e r i n s e t a n k
The chrome r e c o v e r y e f f l u e n t c o n c e n t r a t i o n of 20 mg/l of chrome seemed t o However, it should be k e p t i n mind t h a t
Based upon t h e 34/45 l/min. e f f l u e n t flow as i n d i c a t e d i n Table 2 , t h e chrome
T h i s was a t t r i b u t e d i n p a r t t o d r i p s d u r i n g
The small puddles 
7)
The only treatment process besides the recovery systems is final plant effluent pH adjustment. although it is planned to provide in-house treatment capability in the near future.
Acid and alkali cleaners are periodically hauled offsite
ECONOMICS
Costs for the recovery of chrome, nickel, and copper by the units have been summarized in Tables 3 , 4 , and 5. tion is given. it is assumed that this caustic is required for final pH adjustment since the effluent from the cation exchangers will be acidic due to the exchange of metals for hydrogen.
Note that in each case a caustic soda consumpEven though no caustic may be used in a recovery unit's operation, The s a v i n g s r e a l i z e d i n t h e t e n months o f o p e r a t i o n are summarized on T a b l e 9 . c a l c u l a t e d based upon t h e p l a t i n g l i n e o p e r a t i n g a t f u l l c a p a c i t y f o r 6000 h o u r s per y e a r .
Annual s a v i n g s have been e x t r a p o l a t e d . Maximum p o t e n t i a l s a v i n g s are The g r e a t e s t s a v i n g s have been r e a l i z e d by t h e chromic a c i d r e c o v e r y system. The g r e a t e r b e n e f i t s and h i g h e r u t i l i z a t i o n o f t h e chrome system compared with t h e o t h e r systems w a s due t o t h e f a c t t h a t hard chrome p l a t i n g p r o d u c t i o n , n o t r e q u i r i n g n i c k e l o r copper p l a t i n g , i s c a r r i e d o u t as w e l l a s d e c o r a t i v e chrome p l a t i n g .
Nickel s u l f a t e r e c o v e r y s a v i n g s were moderate and can i n c r e a s e s i g n i f ic a n t l y a s p r o d u c t i o n i n c r e a s e s . t o w copper p l a t i n g p r o d u c t i o n r e s u l t e d i n minimal s a v i n g s . Based on t h e l e v e l o f copper p l a t i n g p r o d u c t i o n , a r e c o v e r y system could n o t be j u s t i f i e d . However, i t should be mentioned t h a t d u r i n g t h e i n i t i a l d e s i g n s t a g e s of t h e p l a n t , a method t o t r e a t o r r e c o v e r t h e copper e f f l u e n t had t o be i n c l u d e d i n o r d e r f o r b u i l d i n g permit a p p r o v a l s t o be g r a n t e d .
$13,257.00. A s G.G. B u f f i n g ' s p r o d u c t i o n i n c r e a s e s and p r e s e n t c o s t s remain t h e same, a n n u a l s a v i n g s may r e a c h as high as $60,222.00, I n a l l l i k e l i h o o d , p r e s e n t c o s t s w i l l i n c r e a s e , p a r t i c u l a r l y t h e s l u d g e d i s p o s a l c o s t s , r e s u l t i n g i n even h i g h e r s a v i n g s . i n s t a l l e d c o s t of t h e r e c o v e r y system ( s l i g h t l y under $100,000.00 0.S.) was comp a r a b l e t o a destruction/precipitation type o f waste t r e a t m e n t system. The t o t a l a n n u a l s a v i n g s f o r t h e f i r s t year of o p e r a t i o n a r e c a l c u l a t e d t o be However, even minimal s a v i n g s a r e c o n s i d e r e d a c c e p t a b l e s i n c e t h e I n s t a system mon 7.
P r i o n c l o g f i l t e Chemn exchange tt d i s c h a r g e With waste meta t i o n s show T h i s C o n f e r e n c e 1. U . S . Ef
